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Abstract
Plane tree is planted as ornamental tree in urban areas. This tree naturally sheds its bark during the spring; however, the shed bark is 
commonly regarded as a waste material without any significant application.
On the other hand, the bark of plane tree may be an important source of industrially relevant compounds, most notably betulinic 
acid. In our study a Supercritical Fluid Ultra Performance Convergence Chromatography (UPC2) system coupled with Evaporative Light 
Scattering Detector (ELSD), along with conventional HPLC, GC-MS and NMR were successfully utilized to analyze triterpenes in the 
extracts from the bark of plane tree. We show that not only betulinic acid, but other important triterpenes: betulin, betulinic aldehyde 
and β-sitosterol are also present in the extract of the plane tree bark. Among these the main compound is betulinic acid, with up to 
an order of magnitude larger concentration than the other constituents. The applied extraction method has a significant role on the 
concentration of the different compounds in the extracts. Most notably, neat scCO2 is not suitable to extract the polar betulinic acid, 
however betulin and betulinic aldehyde can be extracted selectively.
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1 Introduction
Triterpenenoids are an important class of natural plant 
materials with many important biological effects [1]. They 
are promising in the treatment of certain types of cancer 
by the inhibition of the replication of cancer cells by affect-
ing the S phase of DNA synthesis [2] and they often show 
high anti-inflammatory, antiviral and antioxidant activi-
ties. Among these compounds the lupine-type pentacyclic 
triterpenes, like betulin (3-lup-20(29)-ene-3β,28-diol), bet-
ulinic aldehyde and betulinic acid are particularly inter-
esting [3] due to their anticancer [4], antiviral [5], antibac-
terial, anti-inflammatory, antimalarial, anthelmintic and 
antioxidant activities [6]. Betulinic and platonic acids may 
also be inhibitors of the Human Immuno Deficiency Virus 
(HIV), the well-known primary agent of acquired immu-
nodefiency syndrome (AIDS) [7]. Betulin and its natural 
and synthetic derivatives act specifically on cancer cells 
with low cytotoxicity towards normal cells [8]. Betulin can 
easily be converted to betulinic acid [9], thus the extraction 
of both compounds is important for practical applications.
The main source of betulin and its derivates is still the 
birch bark [10]. However, betulin and betulin derivates are 
widely spread in the plants' kingdom. Especially the bark 
of different trees, including plane tree might be a practi-
cal source of betulin and its derivatives [10]. Plane tree 
is a decorative tree in the middle Europe, Asia and in the 
Mediterranean region of America. It is grown as an orna-
mental tree in parks and on the road sides, due to its excel-
lent tolerance of urban conditions and to the poor soil con-
ditions. The attractive feature is that plane tree sheds its 
bark during the spring, which is regularly regarded as a 
waste material or is used for decoration only. 
Dávid [11] isolated first a triterpenoid compound from 
the bark of Platanus acerifolia (Aiton) Willd., which was 
named platanol. Bruckner et al. [12] proved that this com-
pound was betulinic acid, which is expected to be the main 
triterpene compound of plane tree bark extract. Betulin, 
betulinic aldehyde and its acetate, sitosterol, betulinic 
and betulonic acid, platonic acid was isolated by Aplin et 
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al. [13]. Furthermore, four new 2-styrylchromones were 
also isolated from the bark of Platanus acerifolia (Aiton) 
Willd. [14]. Rhourri-Frih et al. [15] made qualitative anal-
ysis of London plane tree bark, and detected betulinic 
acid, betulinic aldehyde and betulinic aldehyde acetate 
with LC-APPI-MS.
A few constituents of the bark of Platanus occidenta-
lis L. were identified [12, 16, 17], which were triterpenes, 
fatty acids and sterols. Dimeric and oligomeric proantho-
cyanidins were also isolated from the bark of Platanus ori-
entalis L. [18-20].
Only a few quantitative reports are available on the trit-
erpene content of plane bark. Galgon et al. [21] determined 
3.07-3.41 % betulinic acid using gas chromatography of 
a methanolic extract of plane bark. Jäger et al. [22] mea-
sured with GC-FID 2.44 % betulinic acid, and only trace 
amounts of betulin, oleanolic acid and ursolic acid. Pinilla 
et al. [23] applied different extraction methods (solid-liq-
uid extraction, ultrasound assisted extraction, pressurized 
liquid extraction, supercritical fluid extraction) to investi-
gate the optimal solvent and conditions for the extraction 
of betulinic acid from plane tree bark. Higher betulinic 
acid concentrations were obtained by ethanolic extraction 
followed by a simple pre-fractionation (46.21 % betulinic 
acid in an extract with 5.31 % extraction yield). Preliminary 
SFE experiments showed, that the highest betulinic acid 
concentration and the highest yield can be reached with 
high ethanol co-solvent concentration, in their case with 
20 % ethanol co-solvent results 18.30 % betulinic acid in 
an extract with 4.34 % extraction yield. Isolation meth-
ods of betulinic acid from the bark of Platanus acerifolia 
(Aiton) Willd. are described in different patents [24-27].
It was shown as well that the triterpene content can 
be measured using the capillary Supercritical Fluid 
Chromatography (SFC) method. Separation of triterpenic 
acids (betulinic, oleanolic, ursolic and polpunonic acid) 
was examined using SFC coupled to Flame Ionization 
Detector (SCF-FID), which was shown to be more effec-
tive method, than GC or LC methods [28]. 
SFC has several advantages compared to the conven-
tional liquid and gas chromatography [29]. Supercritical 
carbon-dioxide has lower viscosity and higher diffusion 
rate (thus faster mass transfer) than the liquids. Carbon-
dioxide is cheaper and environmentally friendlier than the 
organic solvents. SFC makes it possible to use consider-
ably smaller amount of organic solvents than in the case 
of HPLC, as they are applied only as co-solvent, usually 
in 5 to 15 percent. The strength of the mobile phase can 
easily be tuned by changing the density of the scCO2 by 
adjusting the temperature and the pressure. Comparing 
with GC, non-volatile compounds can be analyzed at low 
temperature (40 °C). However, capillary SFC has stability 
problems. In the modern SFC methods, often referred to 
as convergence chromatography or SFx chromatography 
as well, packed columns are used [30, 31]. 
We applied a modern, stable and reproducible SFC 
method to determine triterpenes from different extracts 
of Platanus acerifolia (Aiton) Willd. obtained with var-
ious solvents (by scCO2 and by traditional extraction 
techniques).
2 Materials and methods
2.1 Chemicals
The solvents for extraction of plane tree bark and saponi-
fication were obtained from Molar Chemicals (Budapest, 
Hungary). Solvents for GC-MS analysis was bought from 
Reanal Private Ltd. (Budapest, Hungary).
Pyridine-d5 (Sigma Aldrich) was applied as NMR sol-
vent. Silica gel 60 absorbent was obtained from Merck for 
isolation.
Standards: β-sitosterol (> 95 %), betulin (> 97 %), betu-
linic acid (> 97 %) were ordered from Sigma-Aldrich, bet-
ulinic aldehyde (> 95 %) was bought from Chemos GmbH 
(Regenstauf, Germany).
2.2 Plant material
The bark of Platanus acerifolia (Ait.) Willd. was used as 
raw material. The bark of plane tree was obtained from 
Egererdő Erdészeti PLC. (Eger, Hungary) and was stored 
in a dry, dark place. Samples from two types of trees 
were applied in this study. Sample 1 and Sample 2 were 
obtained from 63 and 85 years old trees, respectively. The 
samples were milled prior use. 
2.3 Extraction of raw materials
Conventional Soxhlet extraction was performed with 
ethanol, acetone, isopropanol, ethyl acetate, n-hexane at 
ambient pressure in triplicates. 25 g of ground bark was 
placed into the thimble and 200 ml of selected solvents 
were placed in a round bottom flask.
The bark of plane tree was extracted with supercritical 
carbon dioxide in a pilot plant extractor. 800 g of ground 
bark was measured into the extractor vessel. The details 
of the about the equipment are described elsewhere [32]. 
Extraction using neat carbon-dioxide was performed 
at 40 °C, pressures of 300 bar and 450 bar, respectively. 
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About 50 kg CO2/ kg dry material was flown through the 
extractor during each measurement. Extraction using 5 % 
ethanol as entrainer was carried out at 40 °C and 300 bar. 
About 80 kg CO2/ kg dry material was applied during the 
extraction using ethanol entrainer. 
2.4 Isolation of betulinic aldehyde
The isolation was carried out using conventional open col-
umn chromatography. The height of the glass column was 
39 cm, the diameter was 1 cm. Silica gel 60 (particle size: 
63-200 μm) was applied as stationary phase. Samples were 
saponified according to [33], to eliminate the fatty acid 
contaminants. The unsaponifiable fraction of the hexane 
extract was dissolved in CHCl
3
 and adsorbed onto Silica 
gel, then the solvent was evaporated. This sample was 
loaded on the top of the column. The column was washed 
with mixtures containing different ratios of hexane and 
ethyl acetate, as described in the Table 1. At the begin-
ning of the isolation 45 × 5 ml, then 80 × 2 ml fractions 
were collected separately. Every fifth fractions were mon-
itored by thin-layer chromatography (TLC) with the stan-
dards of betulin, betulinic acid and β-sitosterol. Presence 
of these compounds was confirmed in the plant extracts, 
however a large additional spot was also observed. This 
was later confirmed by NMR measurements to be betu-
linic aldehyde. If betulinic aldehyde was observed in the 
fraction, all the previous four fractions were also investi-
gated. Thus, the fractions containing betulinic aldehyde 
were identified and collected for isolation.
TLC monitoring was performed on 10 × 20 cm alu-
minium foil plates coated with 0.2 mm layers of silica gel 
(Kieselgel 60F
254 
). Hexane: ethyl acetate 3:1 (volume %) 
was used as eluent. Visualization was performed with 
0.5 % cerium-sulphate solution in 0.1 M sulfuric acid, 
heated at 120 °C for 10 min.
2.5 NMR method
All NMR experiments were carried out using a 600 MHz 
Varian DDR NMR spectrometer equipped with a 5 mm 
Inverse-Detection Gradient (IDPFG) probe head. Standard 
pulse sequences and processing routines available in 
VnmrJ 3.2 A / Chempack 5.1 were used for structure iden-
tification. The probe temperature was maintained at 298 
K and a standard 5 mm NMR tube (Wilmad 535-PP) was 
used. The provided amount of isolated compound was dis-
solved in a single ampule of pyridine-d5 and transferred 
to the NMR tube. The complete resonance assignment 
was performed using 1H, 13C, APT, gCOSY, zTOCSY, 
bashdNOESY, gHSQCTOCSY, gHSQCAD, gHMB-
CAD and the selective versions of gradient HSQCAD and 
HMBC spectra. Residual solvent signals served as refer-
encing the 1H and 13C chemical shift scales: 7.22 ppm for 
1H and 135.9 ppm for 13C, respectively.
2.6 HPLC
Analysis was carried out by a Jasco system equipped 
with an ERC-3113 degasser, a Jasco LG-980-02 gradient 
unit, a PU 980 HPLC pump, a Rheodyne 7725i sample 
injector and a PU-975 UV detector. The stationary phase 
was Supelco Hypersil ODS (150 × 4.6 mm × 5 μm) C-18 
column. Injection volume was 20 μl. Experiments were 
performed at 25 °C. The mobile phase consisted of ace-
tonitrile (A) and water with 0.2 % acetic acid (B), the fol-
lowing gradient elution program was applied: 0 min 80 % 
(V/V) A, 6 min 80 % (V/V) A, 7 min 90 % (V/V), 8 min 
100 % (V/V) A, 38 min 100 % (V/V) A. The flow rate was 
1 ml/min. Detection was accomplished at 205 nm. Data 
evaluation was performed using the Borwin 1.21 software.
The identification of the peaks was performed by com-
paring the retention times of the respective standard solu-
tions and by standard addition as well. Concentrations of the 
compounds were calculated by a standard calibration curve.
2.7 GC-MS
GC-MS analysis was carried out by Agilent 6890 GC equip-
ment. Analytical capillary column was Supelco SLB-5 ms 
(30 m × 0.25 mm × 0.25 μm). The carrier gas was helium (> 
99.99 %) at a constant flow rate of 1 ml/min. The injection 
volume was 1 μl in spitless mode. The temperature pro-
gram was 120 °C (1 min), 20 °C/min to 270 °C (20 min), 
10 °C/min to 300 °C (5 min). Analysis time was 36.5 min. 
For GC-MS detection an Agilent 5973 equipment with 
a quadrupole analyzer and an electron ionization system 
with ionization energy of 70 eV was used and the m/z 
Table 1 Volume and the ratio of the eluent solvents
volume of solvent 
(ml)
volume ratio of the solvents
hexane (%) ethyl acetate (%)
100 100 0
50 95 5
50 90 10
25 88 12
25 86 14
25 84 16
25 82 18
85 80 20
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range of 41-500 was scanned. The observed compounds 
were identified by comparing their retention times and 
the mass spectra with those of commercial standards and 
NIST 05 spectral library.
2.8 Supercritical Fluid Chromatography (SFC)
The Waters Acquity Ultra Performance Convergence 
ChromatographyTM (UPC2) system with Empower 2 soft-
ware was used for the SFC measurements. A C18 analyti-
cal packed column was used (150 × 3 mm × 1.8 μm) with 
an injection volume of 0.5 and 1 μl. Carbon-dioxide meth-
anol mixture with the flow rate of 2 ml/min was used as 
the mobile phase in gradient mode as described in Table 2. 
The analytical conditions were: 40 °C temperature and 
14 MPa pressure. The detector was an Evaporative Light 
Scattering Detector (ELSD). 
3 Results and discussion
3.1 Identification of the compounds
Four main triterpenoid components were identified in 
the extract of plane tree bark. Betulin, betulinic acid 
and β-sitosterol were identified by comparing their SFC, 
HPLC and GC-MS retention times to references and from 
the GC-MS spectra. HPLC and GC-MS were performed 
from saponified extracts, as fatty acids may interfere with 
the analysis. In the case of SFC the saponification step was 
not necessary. Betulinic aldehyde was isolated, and iden-
tified with GC-MS and NMR methods. Mass spectrum of 
betulinic aldehyde was not found either in the known liter-
atures nor in the NIST 05 library, thus after the identifica-
tion of betulinic aldehyde, standard sample was purchased 
from Chemos GmbH and the retention time and MS spec-
trum was compared to the isolated compound. 
Isolation was carried out using conventional open col-
umn chromatography. Identification of the fractions was 
performed with TLC, which was suitable for a rapid quali-
tative analysis. According to the TLC the main constituent 
fraction was the 39-40th separated fractions. In the 52th sep-
arated fraction we could isolate pure β-sitosterol. The iso-
lated compounds were verified also with HPLC and GC-MS. 
Fig. 1 shows the GC-MS spectrum of betulinic aldehyde. It 
has to be noted that this spectrum is very similar to that of 
betulin, only intensities of the ions are different.
In order to confirm the assignment of betulinic alde-
hyde, NMR measurements were also carried out using 
the isolated fraction (Fig. 2). This supported our previous 
finding based on the retention times and the mass spec-
trum. The structure identification of this compound con-
cluded to betulinic aldehyde using the recorded 1D and 
2D NMR data. As the complete resonance assignment of 
betulinic acid is known from the literature [34], the NMR 
Table 2 Ratio of the eluent solvents
time (min) carbon dioxide (%) methanol (%)
0 98 2
4.5 85 15
4.6 85 15
5 80 20
7 98 2
Fig. 1 MS spectra of betulinic aldehyde obtained after GC separation
Fig. 2 The recorded 13C (a) and 1H NMR (b) spectra of betulinic 
aldehyde
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resonance assignment of betulinic acid served as a good 
entry to the appropriate aldehyde.
The applied HPLC method (with UV detection) was 
not sensitive enough to determine all the components 
quantitatively. Furthermore, betulin and its derivatives 
were not stable in the GC system. These findings showed 
that more advanced chemical analytical tools were neces-
sary for the quantitative determination of the plane tree 
extract constituents. Therefore, we developed an SFC 
method using ELSD detection, which was not only faster, 
but the limit of quantification was also smaller than at the 
HPLC method and the conditions were also milder than in 
the case of the GC measurements.
Standard solutions of different concentrations (in the 
range of 0.025 to 0.500 mg/ml) of each standard com-
pound (betulin, betulinic aldehyde, betulinic acid and 
β-sitosterol) were prepared and injected, while subse-
quently the calibration curve was fitted based on the peak 
area and the injected concentration. The linear trendlines 
for each compound were then obtained using regression 
analysis and were applied to quantify the composition of 
the extracts. Fig. 3 shows the peaks of betulin, betulinic 
aldehyde, betulinic acid and β-sitosterol, obtained using 
SFC technique. 
Fig. 4 shows the results of the quantitative analysis of 
the extracts.
In most of the cases the concentrations of betulin, bet-
ulinic aldehyde, β-sitosterol (Fig. 4) were about an order 
of magnitude smaller than that of the main component 
betulinic acid (Fig. 4) in the raw extracts except the pure 
CO2 extract.
Fig. 3 SFC chromatogram of ethanol extract of plane bark
Fig. 4 Concentration of the examined compounds in the different 
extracts.
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Maximal betulin concentration was obtained with 
scCO2 solvent using 5 % ethanol as entrainer, while all 
other polar and non-polar solvents yielded similar concen-
tration of betulin in the extracts.
The betulinic aldehyde concentration was the highest 
in the case of extracts with supercritical carbon dioxide. 
Conventional solvents were effective to extract betulinic acid 
from plane bark independently of the polarity of the solvent. 
While neat supercritical carbon dioxide was not a suit-
able solvent to get an extract with high betulinic acid 
concentration, addition of 5 % ethanol entrainer resulted 
in similar betulinic acid concentration as the extracts 
obtained with conventional solvents.
Pinilla et al. [23] also found, that solid-liquid extraction 
using ethanol or ethyl acetate exhibits similar yield and 
concentration of betulinic acid. Our results show higher 
concentration and higher yield than in [17]. The reason 
may be the use of Soxhlet extraction, which was performed 
till the total depletion. On the other hand, in the case of 
supercritical fluid extraction our yields were smaller, 
but the concentration of betulinic acid in the extract was 
much higher, even without fractionation described in [17]. 
When 5 % ethanol was used as entrainer, we obtained 
higher concentration, than in [17], where 10 or 20 % of 
ethanol entrainer was applied.
Neat scCO2 was the best solvent to get high concentra-
tion of betulinic aldehyde, and at the same time the least 
effective solvent to reach high betulinic acid concentra-
tion. Addition of ethanol entrainer increased the betulinic 
acid concentration, but also led to the decrease of betulinic 
aldehyde concentration in the extract.
β-sitosterol was obtained in higher concentration using 
scCO2, than using organic solvents, which showed that 
supercritical fluid extraction is a suitable, environmental 
friendly technology to concentrate β-sitosterol.
Table 3 summarizes the yields of the studied compounds 
using different solvents. Deviation of the extraction yields 
is in the range of 0.01 to 0.31 g/ 100 g dry material, while 
the deviation of the analytics method is in the range of 
0.001 to 0.004 mg/g extract.
In agreement with the previous discussion in our paper, 
the betulinic acid yield was more than 10 times higher than 
that of the other investigated compounds. ß-sitosterol was 
present in almost two times higher quantity than betulin 
and betulinic aldehyde, which were measured in the same 
quantity in the plant recovered with solvent extraction.
Ethanol, isopropanol, acetone and ethyl acetate were 
found to be more suitable solvents to obtain high yields 
of betulin, betulinic aldehyde, betulinic acid, β-sitosterol 
than the nonpolar solvents (hexane, neat CO2). These lat-
ter two were not able to recover the targeted compounds. 
Although the extraction was more effective when ethanol 
entrainer was added to scCO2 compared to neat scCO2, 
previously mentioned organic polar solvents still resulted 
is much higher yields. 
4 Conclusion
Triterpenes important for medicinal purposes can be 
extracted efficiently from the shed bark of plane tree using 
semipolar solvents. Supercritical fluid chromatography is 
an efficient tool in the qualification and quantification of 
these compounds. The method is fast and requires only 
the dissolution of the dry extract before the measurement 
in contrast with the previously published methodologies. 
In agreement with earlier investigations, betulinic acid 
was the major component, while betulin, betulinic alde-
hyde, and ß-sitosterol were the minor components in the 
extracts. Betulinic aldehyde was identified and isolated 
from plane tree bark for the first time. Its presence was 
confirmed using NMR, HPLC and SFC techniques. 
The extraction method plays a significant role on the 
final concentration of the triterpenes in the dry extracts.
Table 3 Betulin, betulinic aldehyde, betulinic acid and ß-sitosterol 
recovery [mg/ 100 g dry bark]
betulin betulinic aldehyde
betulinic 
acid ß-sitosterol
Sample 1 [mg /100 g dry material]
ethanol 154 138 3244 220
isopropanol 98 124 3232 98
acetone 129 129 3144 188
ethyl acetate 104 141 2881 182
hexane 30 46 840 40
CO2 (300 bar) 8 38 42 39
CO2 (450 bar) 7 27 25 29
CO2 + 5 % 
EtOH (300 bar)
48 42 730 74
Sample 2
ethanol 134 159 4025 125
isopropanol 108 95 3227 203
acetone 143 137 3384 215
ethyl acetate 117 111 2741 178
hexane 43 38 826 51
CO2 (300 bar) 11 23 44 29
CO2 (450 bar) 8 32 49 28
CO2 + 5 % 
EtOH (300 bar)
48 57 665 69
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